., 1986: Can dietary quality of free--ranging ungulates be simply determined from faecal chemistry? Acta theriol., 31, Feeding trials with a number of ungulate species in South Africa led Erasmus et al. (1978) to propose that linear relationships might exist between content of diet and content of dung for a number of key dietary nutrients, and that thus chemical analysis of dung might provide a simple method for determining available forage quality. These suggestions are tested, using three temperate ruminant species (fallow, sika and roe deer) and one non-ruminant (free-ranging domestic horses). Dietary content of dung in terms of a number of nutrients was related to dietary quality of ingesta (reconstructed from faecal dissection). Significant linear relationships were found amongst the deer for N, K, Ca content of diet and dung, but not for P, Mg or lignin; a linear relationship was established in the horse only for lignin. The implications of these results for simple determination of fcrage quality are discussed.
INTRODUCTION
Estimating the nutritional quality of the diet of a free-ranging herbivore is one of the most difficult of tasks facing the ecologist or practising wildlife manager. Conventional techniques available are chemical analysis of subsamples obtained through fistulation (e. taken by a grazing animal; even if this grazing could be accuratelysimulated, the fact that the sample taken by the human experimenter is available to be plucked and has not already been removed by the grazer suggests that it may be of lower quality than that which has been eaten; where comparisons have been made, nitrogen levels in samples of forage actually ingested by red deer were consistently higher than those in forage samples taken by hand ( 
In order to test the claims of Erasmus et al. (1978)
beyond the laboratory, we examined the relationship between dietary and faecal content of lignin, nitrogen and four additional key nutrients (K, P, Mg, Ca) for four free-ranging temperate ungulate species: three ruminants (roe, fallow and sika deer: Capreolus capreolus, Dama dama, and Cervus nippon) and one non-ruminant (domestic horses: Equus).
METHODS
Relationships between the nutrient content of diet and dung investigated in the present study could not be based on controlled feeding trials like those described by Erasmus et al. (1978) since all animals studied were free-ranging and free-feeding. However, dietary species composition could be determined from microscopical analysis of freshly collected faecal samples and then corrected by values determined in vitro for the nutrient status of the different forages contained, to offer some index of dietary quality of ingesta (Methods A). This index could then be related to the direct nutrient status of the dung itself (Methods B).
Faecal depositions from free-ranging horses, fallow and sika deer were collected in the New Forest, Hampshire between 1977 and 1981 in the course of other studies (Putman et al. 1982; Putman 1984a; Mann, 1983) ; roe droppings were collected from Chodington Wood in Dorset and Porton Down, Wiltshire (Johnson, 1984) . Samples were taken at 2 monthly intervals over one year (to give a range of dietary quality available, within each species). Thus, fallow, sika and roe droppings were analysed for December, February, April, June, August and October (1980); horse dung for those same months during 1979-81. For each species/month, one pellet group was taken; each pellet group was macerated and divided into two subsamples -one (subsample A) taken for dietary reconstruction (A), the other retained for direct chemical analysis subsample (B).
Dietary Reconstruction
2.1.1. Species Composition of the Diet Species composition of the diet represented by a given dung sample was determined from identification of plant cuticle remains in the dung, following standard methods, (e.g. Stewart, 1967; Stewart & Stewart, 1970; Anthony & Smith, 1974) . Faecal material was macerated in NaOH to remove mucus and to clear cuticular remains. A small subsample of treated material was placed on a petri-dish, previously scored with lines to produce a 1 mm 2 grid. The first 100 cuticular fragments lying on chosen grid lines were identified and recorded. A second subsample was then recorded; thus in total 200 cuticular fragments for cach sample were identified.
Because of the problems in a mixed diet of estimating from faecal analysis the relative intake of different forage types due to differential digestibility of different diet items, results were corrected for differential digestibility after Putman ct al. (1982) and Putman (1984) . In essence, individual fragment counts of •each plant species recorded in the faecal sample are multiplied by 1/(1 -species specific digestibility of that forage plant derived in vitro) to approximate to a more accurate estimate of relative proportion in the ingesta. "Corrected" fragment counts were then used to derive percentage species composition of the diet.
Digestibility of Forages
Monthly samples of the various forage species consumed by the herbivores were collected in the same areas as those used for faecal collection at the same time as faecal collections were made. Dry matter digestibility was determined in vitro by successive incubation in solutions of pepsin and fungal cellulase (method after Jones & Hay ward, 1975) . Two hundred mg of the ground herbage was incubated with 20 ml of 0.2%» pepsin In 0.1 N hydrochloric acid for 24 h at 40°C in a screw cap bottle. The supernatant was removed by filtration through a filter stick (gas distribution tube, porosity 2, disc diameter 14 mm) the stick rinsed and the volume made up to ca. 20 ml with cellulase solution (125 mg cellulase in 20 ml phosphate citrate buffer pH 4.6). The bottle was returned to the incubator for a further 48 h at 40°C (shaking by inversion night and morning). The indigestible residue was then isolated by filtration through a tared filter paper, and the amount digested calculated as a percentage of the original dry matter. Jones and Hayward (1975) , have related enzymic digestibility by this method to true in vivo digestibility in sheep, and present a regression equation for derivation of equivalent digestibility as y=0.54x+35.0 (r=0.93). Most of our digestibility values lie well outside, and below, the range of enzymic digestibilities over which this relationship has been calculated; We, are thus unable to employ the regression equation here. Instead a straight ratio of in vivo/enzymic digestibility has been calculated for the mean values presented by Jones and Hayward and this simple ratio (as 1.143) is used here to convert enzymic values to true digestibilities for the ruminants. Jones and Hayward determined the relationship between in vivo digestibilities and enzyme digestibility using sheep. In vivo digestibilities calculated for our figures thus strictly represent digestibility of our forages to sheep but are taken here to approximate to digestibilities for the three deer species of our studies. Further correction is necessary however to dorivp figures for digestibility of the forages to horses, whose digestive capacity may be expected to differ markedly from that of the three ruminants. In a review of equine nutrition, Hintz (1969) presents figures relating the digestibilities of forage in cattle and horses to those of sheep; his figures suggest TDMD of particular forages for horses are 0.92 X the sheep values. In vivo digestibilities for our various forages have thus been multiplied by this constant factor of 0.92, in calculating digestibilities for horses.
Chemical Composition of Forages 1
Vegetational samples were further analysed for N, P, K, Ca, Mg and lignin. Samples for analysis of N, P, K, Ca and Mg were digested using a modification of the Kjeldahl digest as recommended by Allen (1974) . In this method a mixture of sulphuric acid and hydrogen peroxide is used with a catalyst of lithium sulphate and selenium.
Potassium was determined by flame photometry, and calcium and magnesium by atomic absorption spectrophotometry, using lanthanum chloride solution to suppress possible interference effects. Phosphorus and nitrogen were determined colorimetrically using a Technicon autoanalyser. The phosphorus method employs ammonium molybdate and ammonium metavanadate as reagents, and produces a stable yellow colour which is read at 450 nm. The nitrogen method is based on the reaction of ammonium ions with alkaline phenate and hypochlorite; on heating an intense blue colour is produced which is read at 680 nm.
Lignin content of the vegetation was separately derived. A simple and speedy method of analysis was sought; that ultimately adopted is derived from methods advocated by Goering & van Soest (1970) . A quantity of dry, milled sample (200-400 mg) was weighed and boiled for one hour in 7.5 ml of acid detergent reagent to remove protein, fats and carbohydrates. The sample was filtered and the residue (containing cellulose and lignin) dried and reweighed. Each sample was then incubated at room temperature in a saturated solution of KMn0 4 ? this effectively removes the lignin in the sample, leaving cutene and cellulose. Unfortunately KMn0 4 reacts with the organic component of the sample to form a precipitate of insoluble manganese oxide; samples were therefore rinsed in acid hydrogen peroxide solution to remove this precipitate before drying and reweighing. Dry weight of residual cutene and cellulose was subtracted from the dry weight of sample determined after incubation in acid detergent reaction to derive weight of lignin contained in the original sample.
Reconstruction of Dietary Quality
Nutrient values of the various different forage species can now be combined with proportional species composition of the diet to derive an index of nutritional quality of ingesta. In any one month, the percentage fragment count for each forage species in the diet of a given species of herbivore may be multiplied by the laboratory-determined value for content of each nutrient (derived for that particular forage in that particular geographical area in that month). These values were summed within any month over each forage species in. the diet to provide a figure for the "dietary units" of any given nutrient in the ingesta represented by a given faecal sample. (By this time, with so many transformations performed upon the data, units are completely arbitrary -and may not be expressed in absolute terms, as, for example g N per g ingested material).
Chemical Composition of Faeces and Relationship to Dietary Quality
The second subsample of each faecal pellet group was subjected directly to nutrient analysis, using the same methods as described above for vegetation, to determine N, P, K, Mg, Ca and lignin content of the dung itself. Estimated dietary value of the ingesta represented in that precise dung sample, for subsample A, was then related to the actual value of any given nutrient present in the dung itself (subsample B), to seek any relationship of the type suggested by Erasmus et al. (1978) . From these results, regressions may be calculated for each animal species, (using different monthly diets merely to provide a range of different dietary qualities) between content of ingesta for any particular nutrient (arbitrary units) and nutrient content of dung (mg per g). A linear relationship is found between values in dung and purported ingesta for potassium, calcium and nitrogen for all deer species (with. varying levels of significance). No such relationship is observed for these same nutrients (N, P, K, Ca) for the horse -which however shows correlations for lignin not found amongst the ruminants. In no species was a relationship observed between magnesium content of diet and dung. Individual regression equations are not presented here (since nutrient -content of presumed ingesta is, in any case, in arbitrary units). Table 5 summarises however, correlation coefficients (and significance or correlation) for each nutrient and each animal. Significance is accepted at the 10% level (because of the coarseness of the data). chemistry of diet and dung in a different set of four, temperate, ungulate species Direct feeding trials were impracticable in the present study; estimates of relative nutrient status of ingesta, for comparison with nutrient content of the related dung, were derived by a multi-step reconstruction of dietary profile from faecal dissection. Such reconstruction requires considerable transformation of the basic data; there is of course potential for error at each stage. The laboured methodology adopted in determination of nutrient status of the diet, with its potential for compounded error, may therefore weaken the readers' confidence in any conclusions drawn from the present investigation. We would note, however, that dietary profiles revealed in Tables la-4a We may therefore move on to consider the results of the piesent study in investigation of relationship between faecal chemistry and presumed nutrient content of ingesta. Linear relationships were :'ound between nutrient content of dung and diet for N, K, Ca, amongit the ruminants. Correlations for potassium (K) were statistically significant in all cases (p<0.05); correlations for nitrogen were significant on.y for Sika deer, just missing statistical significance for roe and fallow deer. Correlations between calcium content of dung and diet were significan (if confidence limits are stretched to p=0.1) for fallow and sika deer.
RESULTS

Species
Individual significance levels throughout are not particularly itrong (due largely to the necessary insensitivity of methods adopted ii determining ingesta); the fact that the relationship between dung and diet is shown for the same nutrients in each of three different deer species must however strengthen one's confidence in these correlations. Most striking is the difference in result established between the virious deer species and the only monogastric: the horse. Here, the only signi-ficant correlation between dung and diet nutrient content was for lignin; yet lignin showed no such relationship in any of the ruminants. Such differences must clearly reflect the different digestive mechanisms of monogastrics and ruminants. The current study extends upon the work of Erasmus et al (op. cit.), in investigating the relationship between quality of ingesta and chemical composition of dung with regard to four additional nutrients: P, K, Mg, Ca. Linear correlations, significant at the 10% level were established amongst ruminants for N, K, Ca, and in the horse, for lignin. These results suggest that original suggestions of Erasmus et al. that diet quality in terms of lignin and nitrogen could be determined readily from chemical analysis of faecal material, might also be extended to other nutrients. What is curious is that those nutrients for which linear correlation exists between content of diet and dung differ between ruminants and the only non-ruminant studied: the horse. Presumably such differences reflect the different fermentation processes of digestion between ruminant and monogastric animals.
Clearly some form of relationship could be established between nutrient content of ingesta, and residue of that same nutrient in the dung for any nutrient. There is an extensive agricultural literature devoted specifically to studies of metabolism and retention of each major nutrient by domestic animals. Detailed examination of this complex literature would not doubt permit one to establish precise relationships for a variety of herbivore species between nutrient intake and egestion, as we have done in these pages in establishing sigmoid curve for nitrogen release. Some such relationship must exist in every case. But the beauty of the conclusions of Erasmus et al. -amply supported by the results of the present study -is that such complexity is in practice unnecessary: that for many nutrients a linear relationship may be established between content of diet and dung for a variety of free-ranging herbivores.
